Background: The literature lacks evidence comparing outcomes between the Latarjet procedure performed as a primary procedure versus a revision procedure in competitive athletes.
Following an initial shoulder dislocation, an osseous defect is present in up to 22% of patients and up to 89% of patients with recurrent instability. 9, 34 Glenoid bone loss is a recognized cause of recurrent shoulder dislocation or poorer functional outcomes after an arthroscopic or open soft tissue repair for glenohumeral instability. 9, 21, 24, 34 Consequently, the high recurrence rates seen in the presence of significant glenoid bone loss have led many surgeons to choose bony reconstructions to manage these injuries. 7, 30, 31 The Latarjet procedure has proved to be reliable in managing recurrent anterior shoulder instability with significant glenoid bone loss, both as a primary and a revision procedure in the general population. 2, 6, 30 However, little information is found in the literature regarding the functional results and complications of this procedure in competitive athletes. 3, 4, 10, 22, 23 Patients who are competitive athletes present a special challenge for the shoulder surgeon. One of the main expectations of most athletes, whatever their age or level of play, is to return to sports as soon as possible and at the same level as before the injury. For this reason, the surgical procedure chosen to manage these high-demand patients should achieve a stable shoulder and result in a reliable and timely return to play. In patients with multiple recurrences and previous surgeries, the anteroinferior labrum and capsule are often very deficient or almost destroyed. Furthermore, the presence of previous anchors and scar tissue may result in a higher complication rate and could jeopardize results. We are not aware of any large series in the literature comparing the outcomes of the modified Latarjet performed as a primary versus a revision procedure in competitive athletes. The purpose of this study was to compare return to sport, functional outcomes, and complications of the modified Latarjet performed as a primary or a revision procedure in competitive athletes. We hypothesized that both the primary and the revision procedures would achieve a stable shoulder in competitive athletes who had recurrent shoulder instability, resulting in a reliable and timely return to play with a low rate of recurrence.
METHODS
Between June 2008 and June 2015, a total of 105 competitive athletes with recurrent anterior shoulder instability underwent surgery with the congruent arc Latarjet procedure without capsulolabral repair in our institution. This cohort formed the basis of this retrospective, consecutive case series.
All the included patients were competitive athletes 33 (practice >2 times per week and competition during weekends) who had a glenoid bone defect greater than 20% shown on the preoperative computed tomography (CT) scan prior to the Latarjet procedure. We excluded patients who had other types of instability (eg, posterior or voluntary), who had glenoid bone loss less than 20% (treated with revision arthroscopic Bankart), or in whom clinical or radiographic evaluations were absent at final follow-up. The ethics committee of our institution approved this study.
Evaluation
Preoperative and postoperative evaluation consisted of a patient-based questionnaire and a physical examination performed by a shoulder fellow (L.A.R.) who did not participate in the surgery. On preoperative examination, all patients had positive results on anterior apprehension and relocation tests. We also evaluated range of motion (ROM) and strength. Patients were contacted and examined at a minimum 24 months of follow-up. All patients were studied before surgery with anteroposterior views and axillary glenohumeral views, magnetic resonance imaging (MRI), and CT with 3-dimensional reconstruction (3D-CT). The preoperative glenoid bone loss was measured by use of the glenoid index method according to Chuang et al. 11 The distinctive types of shoulderdependent sport were subdivided in an analog manner according to Allain et al 1 : noncollision/nonoverhead shoulder sport (G1), high-impact/collision sport (G2), overhead sport (G3), and martial arts sport (G4). Postoperatively, patients were asked whether they had been able to practice sports again and whether they had been able to perform their sports at the same level they had prior to the injury. We also asked patients who did not return to sports the reasons for cessation.
The Rowe score 27 was used as a global outcome measure. A visual analog scale (VAS) was used to assess "pain while performing sport" (ranging from a maximum score of 10 to a minimum of 0). Shoulder-dependent sport ability was measured with the Athletic Shoulder Outcome Scoring System (ASOSS). 33 This score measures subjective sport-specific perceptions of pain, instability, muscular strength and endurance, intensity, and proficiency level, with each point graduated and compared with the time before injury (defined as 100%). The ROM was objectively recorded and compared with that in the untreated shoulder.
The postoperative bone block position and consolidation were assessed with 3D-CT at 3 months postoperatively. In accordance with Burkhart and De Beer 9 and Kany et al, 18 we considered that accurate positioning of the bone block was reached when values of medialization and lateralization of the bone block were within -5 mm and þ3 mm, respectively. Osteoarthritis was graded according to the classification of Samilson and Prieto. 28 All surgery-related complications and reoperations were documented.
Surgical Technique
During the surgical procedure, patients received combined anesthesia (regional blockade plus general anesthesia) and were placed in the beach-chair position. The incision was vertical from the tip of the coracoid process and was 5 cm long. The deltopectoral interval was developed; the coracoid was exposed from its tip to the insertion of the coracoclavicular ligaments at the base of the coracoid; and the coracoacromial ligament and the pectoralis minor were cut at the insertion on the coracoid process. The coracoid process underwent osteotomy at the junction between the horizontal part and vertical part. The pectoralis minor was reinserted in the scapula at the level of the osteotomy with a 5-mm suture anchor. The coracoid graft was then rotated on its longitudinal axis by 90 , such that the original medial surface was facing the glenoid neck. The medial cortex of the graft was removed with a saw blade. The subscapularis muscle was divided in line with the fibers at the two-thirds superior-one-third inferior junction to expose the anterior capsule, which was divided in the same manner. The anterior glenoid neck was then prepared with a saw blade to be the recipient bed for the coracoid bone graft. The coracoid bone graft was positioned such that the original medial surface of the coracoid was now flat against the glenoid neck and was temporarily stabilized with 2-mm pins. The inferior hole was drilled through the graft and through the glenoid, and the coracoid was fixed with a single screw so that it lay flush with the glenoid joint line. A second screw 1 cm proximal from the inferior one was used to complete graft fixation. In all patients, 2 partially threaded cannulated cortical screws (3.5 mm diameter) were used. We did not attempt to repair the capsulolabral complex. We did not perform remplissage or any other procedure in the presence of a concomitant Hill-Sachs lesion.
Postoperative Rehabilitation
The arm was supported in a sling for 4 weeks. All patients followed a standard postoperative rehabilitation protocol supervised by one of the authors (M.R.). After 1 week, supervised gentle physical therapy consisting of passive pendulum and gradual passive ROM was begun. Activeassisted ROM exercises were started 2 weeks after surgery. When the patient could perform active forward elevation above the shoulder level, strengthening exercises were started. Running was authorized at 8 weeks. Return to sports was allowed when the patient was pain free, full shoulder ROM had been achieved, and shoulder strength was near the preinjury level.
Statistical Method
Preoperative and postoperative outcome scores were compared with the paired t test for independent samples. Continuous variables are presented as means ± SDs; categorical variables are presented as absolute and relative frequencies. Statistical analysis was performed by use of independent Student t test with a 95% CI to calculate the differences in ROM and functional scores between the groups. The statistical analysis was performed with STATA version 12 (Stata Corp). A P value less than .05 was considered statistically significant.
RESULTS
Five patients were lost to follow-up; thus, the final analysis entailed 100 shoulders in 100 patients (95% follow-up). The 5 patients lost to follow-up had surgery during the study period but did not have a minimum 2 years of follow-up. Despite our best efforts we could not contact them, so they were excluded from the study.
The mean follow-up period was 58 months (range, 24-108 months). No significant differences were found between groups regarding demographic and injury characteristics (Table 1) . Overall, 96 patients (96%) were able to return to sports, and 91 (91%) returned at the same level as before the injury (Table 2 ). No significant difference regarding return to sports was found between patients who underwent a primary procedure and those who had a revision procedure (Table 3) .
Four patients (4%) did not return to sports after the procedure. These 4 patients did not feel psychologically confident and/or they feared they would experience another injury. Five patients (5%) returned to sports at a lower level than before their injury. Although they had good functional scores, these 5 patients reported a decrease in their sports performance.
The mean interval between surgery and return to competition was 4.9 months (range, 3-9 months). No significant differences were found between patients with primary and revision procedures. Regarding type of sports, patients belonging to group G1 (noncollision/nonoverhead sport) returned significantly faster to sports than other patients (P < .001). However, the final functional outcomes were not related to the type of sport (Table 4) .
No significant difference in shoulder ROM was found between preoperative and postoperative results ( Table  2 ). The Rowe, VAS, and ASOSS scores showed statistically significant improvements after surgery (P < .01). Specifically, the Rowe score increased from a preoperative mean of 43.8 points to a postoperative mean of 96.1 (P < .01). Subjective pain during sports improved from a preoperative VAS score of 3.3 to a postoperative score of 1.2 (P < .01). The ASOSS score improved significantly from a preoperative mean of 46.3 to a postoperative mean of 88.1 (P < .001) ( Table 2) . No significant differences in shoulder ROM and functional scores were found between patients with primary procedures and those with revision procedures (Table 3) .
Imaging Results
All patients were evaluated with 3D-CT. The postoperative 3D-CT was performed at a mean of 3.4 months after surgery (range, 3-6 months). The bone block healed in 91 patients (91%). In 8 patients (8%), no evidence of consolidation was observed, and in 1 patient the graft was fragmented. In accordance with Kany et al, 18 in the axial view, 91% (91/100 patients) were within the target range (-5 to þ 3 mm). In contrast, 5% (5/100 patients) were considered lateralized and 3% (3/100 patients) were considered medialized. At the final follow-up, 11 shoulders (11%) were graded as having mild (stage 1) osteoarthritis and 4 shoulders (4%) with moderate osteoarthritis. No cases of severe arthritis were observed in this study (Table 5) . No significant difference in graft consolidation and glenohumeral arthritis was found between patients with primary procedures and those with revision procedures (Table 5) .
Complications
There were 13 complications (13%) and 3 reoperations (3%). In 8 patients, no evidence of graft consolidation was observed (3 primary and 5 revision procedures), and in 1 patient the graft was fragmented. All of these patients were (8) 3.7 ± 1 51.4 ± 1 42.5 ± 2 G2: high-impact/collision sport (27) 5.1 ± 1 50.3 ± 1 41.6 ± 7 G3: overhead sport (5) 5.4 ± 2 55.0 ± 1 41.8 ± 2 G4: martial arts sport (6) 5.8 ± 1 54.1 ± 8 45.6 ± 3 Revision G1: noncollision/nonoverhead sport (8) 3.3 ± 1 55.6 ± 1 41.1 ± 4 G2: high-impact/collision sport (34) 5.3 ± 1 52.5 ± 1 41.1 ± 7 G3: overhead sport (8) 5.2 ± 1 48.7 ± 2 43.6 ± 4 G4: martial arts sport (4) 5.0 ± 2 58.7 ± 6 40.
Values are expressed as mean ± SD. ASOSS, Athletic Shoulder Outcome Scoring System; NS, not significant. Expressed as the average improvement in the score.
treated conservatively with no evidence of screw loosening at the last follow-up, suggesting a fibrous union between the graft and the glenoid. One athlete reported pain 2 months after surgery during the rehabilitation. The imaging studies showed a loose screw, which was replaced arthroscopically with a longer screw. The graft consolidated 2 months later. One athlete had reoperation at 4 months after surgery because of a symptomatic intra-articular screw. The graft was consolidated, so the screw was removed arthroscopically. Two patients developed postoperative infections. At 3 weeks after surgery, 1 patient developed septic arthritis that was treated successfully with an open lavage and 6 weeks of intravenous antibiotics. The other athlete had a superficial wound infection that responded favorably to 2 weeks of oral antibiotics. All of these patients resumed sports without any limitations. No recurrence of shoulder dislocation or subluxation was noted in any of the patients. No temporary or permanent nerve injuries were seen.
DISCUSSION
The main findings of this study were that in competitive athletes with recurrent anterior glenohumeral instability, the modified Latarjet procedure resulted in excellent functional outcomes, with most of the patients returning to sport at their preinjury level and with no recurrences at a mean follow-up of 58 months. The results were equally favorable in primary and revision procedures.
In our study, 96% of the patients were able to return to sports, and 91% returned at the same level as before the injury. Interestingly, no significant differences were noted regarding return to sports and the level achieved by the athletes when we compared primary procedures and revision procedures. However, most patients in our revision group had only 1 prior procedure (mean of 1.26 procedures). Privitera et al 23 recently reported the results of the Latarjet procedure for recurrent anterior glenohumeral instability in 73 contact or collision athletes. The investigators found that at a mean follow-up of 52 months, the rate of return to sport was similar when the Latarjet procedure was performed as a primary stabilization procedure (72%) and when it was performed for patients with only 1 prior stabilization procedure (75%). However, for athletes with more than 2 prior stabilization procedures, the return to sport rate was significantly lower (39%). Although a trend to reduced rate of return to sport and reduced return to preinjury level was noted in the "primary" group, the 4 patients who did not return to sports reported reasons unrelated to the shoulder, such as fear of reinjury.
Beranger et al 4 evaluated return to sports in 47 athletes after the Bristow-Latarjet procedure at a minimum 2-year follow-up. In that study, 100% of patients returned to sports and 63% returned to the same sport at the same level. However, none of the included patients underwent a revision procedure. An important finding of the Beranger et al 4 study is that the rate of return to sport was high even in the most risky sports. In our series, 71% of patients participated in collision sport (G2) or martial arts (G4). Previous authors have also reported high rates of return to sport in collision (G2) athletes, ranging between 65% and 97%, with the Latarjet procedure indicated as a primary surgery. 4, 11, 21, 26, 29 However, none of these studies included patients who underwent a revision procedure. Regarding the postoperative level of sport achieved after surgery, only 5% of our patients noticed a decrease in their sports performance. Conversely, other authors have reported that patients who practiced overhead sports were more likely to play at a lower level or to change sport postoperatively. 4 Nevertheless, overhead sports represented only 13% of the athletes in our series.
The mean delay in return to competition was 4.9 months. As expected, we found that patients belonging to group G1 (noncollision/nonoverhead sports) returned to sports significantly faster than did the other patients (P < .001). The G1 category involves sports with a lower demand for the shoulder, and this could explain the faster return to sports in this subgroup of athletes. Finally, all patients in our study were competitive athletes. Previous authors have shown that functional outcomes were not as favorable in recreational athletes. Baverel et al 3 retrospectively evaluated 106 competitive and recreational athletes who underwent an open Latarjet procedure for recurrent anterior glenohumeral instability at a minimum 2-year follow-up. The investigators found that 100% of competitive athletes resumed their previous sports practice, compared with only 69% of recreational athletes. Moreover, 79% of competitive athletes returned to their preinjury level or higher, compared with only 43% in the recreational group.
The general assessment of our patients revealed excellent functional outcomes, with a final Rowe score of 96 and a final VAS score of 1.2. These results are similar to those reported by other authors. 4, 5, 9, 11 Moreover, we evaluated shoulder-dependent sport ability with the ASOSS score, which showed an excellent final performance of the patients' shoulders after their return to sports. No significant difference in shoulder ROM and functional scores was found between patients with primary procedures and those with revision procedures. The stability achieved with the modified Latarjet procedure was excellent. No recurrence of shoulder dislocation or subluxation was noted in any of the patients. We did not repair the capsulolabral tissue in any patient; some biomechanical and cadaveric studies have shown that the addition of a capsular repair did not result in significantly greater stability and that it could restrict external rotation relative to the Latarjet procedure performed without capsular repair.
19,35
Although we did not repair the capsule in any patient, the results in our series were similar to those previously reported by other authors who repaired the capsule. 10, 12, 22 An important finding of our study was that the modified Latarjet was equally stable in primary procedures and revision procedures. Schmid et al 30 reported no recurrences with the Latarjet procedure for the treatment of anterior instability of the shoulder after a failed operative repair. However, athletes were not included in their series. In our study, all patients were competitive athletes, and a high percentage (71%) participated in high-risk activities such as martial arts and collision sports. Privitera et al 23 reported similar rates of recurrences for primary procedures and revision procedures. In their study, the redislocation rate was 7% for patients who underwent a primary procedure and 9% for those who underwent a revision procedure. A possible explanation for the absence of recurrences in our patients could be the persisting enlargement of the glenoid arc beyond native dimensions that is achieved with the congruent arc technique. 9 Other authors who performed the same technique reported no recurrences in competitive athletes. 9, 13 We did not perform any remplissage procedures in the presence of a concomitant Hill-Sachs lesion. Plath et al 25 demonstrated that the Latarjet procedure transformed "offtrack" Hill-Sachs lesions into "on-track" Hill-Sachs lesions. Those authors showed that at a mean of 23 months postoperatively, a mean persisting enlargement of the glenoid arc of 14% beyond native dimensions remained, avoiding a recurrent off-track lesion in 32% of patients, which would otherwise have occurred with complete remodeling.
An important strength of our study was that the postoperative imaging evaluation of the coracoid graft consolidation and position was performed with 3D-CT. CT scanning is widely accepted as being an accurate method of assessing osseous consolidation and correct graft position.
18,29 Samim et al 29 recently assessed coracoid graft union by CT in 41 consecutive patients treated with the open Latarjet procedure (37% primary, 63% revision) and found similar percentages of osseous union in the primary and revision Latarjet groups. In our study, the bone block was consolidated on CT scans in 91% of the total patient sample. Similar to Samim et al, 29 we found no significant difference in graft consolidation between patients who underwent a primary procedure and those who underwent a revision procedure; graft consolidation was 91% in both groups. Furthermore, the coracoid graft was accurately positioned in the axial plane in 91% of the patients, which is similar to the rates reported by previous authors using CT scans. 8, 18 Regarding postoperative arthritis, long-term outcome studies have reported significant rates of glenohumeral arthropathy after Latarjet procedures. Hovelius et al 16 and Allain et al 1 examined 15-year results after the Latarjet procedure and reported 14% and 19% of moderate and severe osteoarthritis, respectively. Cadaveric biomechanical studies have shown that excessive lateralization of the coracoid graft with prominence beyond the glenoid margin results in abnormal glenohumeral contact pressures and may contribute to the progression of glenohumeral arthropathy.
14 In our series, only 5% of the grafts were lateralized in the postoperative CT scans, and this could contribute to the low rate of patients with significant osteoarthritis. We had a relatively short minimum follow-up (24 months), and the incidence of degenerative articular findings may be higher with a longer follow-up. However, the development of dislocation arthropathy after the Latarjet procedure appears to be consistent with the natural history of glenohumeral instability 17 and comparable with the results of soft tissue Bankart repair. 16 Although the Latarjet procedure has proved to be reliable to manage recurrent anterior shoulder instability, concerns have arisen regarding a higher surgical complication rate associated with this procedure. The most common complications include infection, frozen shoulder, hematoma formation, symptomatic implants, fracture or non-union of the coracoid graft, neurological complications, arthritis, and recurrence of instability. 13, 15, 32 However, a recent large review reported an overall complication rate of 15% for the open Latarjet procedure. 20 We found similar rates in our study, with 13 complications (13%) and 3 reoperations (3%). The complication rate was similar in patients with primary procedures and those with revision procedures, and most of the patients resumed sports without any restrictions.
Our study has several limitations. First, we did not have a control group and therefore could not compare our results with another surgical technique. Second, our series included a limited number of female athletes and overhead athletes. Third, although we included a large number of patients, we did not perform a sample size calculation and the study could be underpowered to detect a difference in some of the outcomes analyzed. Fourth, we had a relatively short minimum follow-up (24 months).
Despite these factors, we consider our findings particularly relevant given the limited data available in the literature comparing functional outcomes and complications of the modified Latarjet procedure performed as a primary versus a revision procedure in competitive athletes. Furthermore, the data from all treated patients were carefully collected, several validated shoulder scores were used to assess the results, and CT scans were used to assess bone graft consolidation and accurate position.
CONCLUSION
In competitive athletes with recurrent anterior glenohumeral instability, the modified Latarjet procedure produced excellent functional outcomes; most athletes returned to sport at their preinjury level without recurrences, regardless of whether the surgery was performed as a primary or a revision procedure.
